Prevention of obesity is a public health agenda. There are only few longitudinal studies on prevention of overweight in children. The Kiel Obesity Prevention Study (KOPS) intends to characterise the determinants of childhood overweight and the effect of preventive measures within schools as well as within families. METHODS: Between 1996 and 2005, KOPS investigated 4997 German 5-7 and 4487 9-11-y-old children or 41 and 37% of the total population of all first and fourth graders in 32 primary schools in Kiel (248 000 inhabitants), northwest Germany. Main outcome measures were nutritional status, health habits and risk factors of disease. In addition, health promotion was performed each year in three schools for all first graders and their teachers (nutrition education and active school breaks) together with a family-oriented approach in families with obese and preobese children. Up to now, the children were followed for 4 y and were reinvestigated at age 10 y. RESULTS: The KOPS population was representative for all 5-7 and 9-11-y-old children in Kiel. The prevalence of overweight/ obesity (Z90th/97th BMI reference percentile) was 7.0/5.8 and 11.3/6.3% in 5-7 and 9-11-y-old children, respectively. Parental overweight, a low socio-economic status and a high birth weight were identified as main risk factors for overweight in prepubertal children. The first results of the interventions show that obesity prevention was possible, but there were limited success rates in boys and children from low social class. CONCLUSION: Faced with the environmental contributors to the obesity problem societal rather than individual responsibilities are evident. This idea suggests that dissecting and tackling the obesogenic environment is necessary to complement school-and family-based interventions.
Introduction
The prevalence of obesity and its comorbidities has been steadily increasing over the last 50 ys. 1 Obesity, once established, is difficult to treat. Therefore, prevention of obesity is a public health agenda as well as a high priority research goal. [1] [2] [3] Since the long-term consequences of childhood overweight are well documented, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] there is need for early intervention. Some authors assume that early intervention in a paediatric population is superior to intervention strategies directed at adults. 1, 15, 16 The enormous secular change in obesity is evidence that behavioural and environmental factors are most important. Measures of early prevention should thus specifically tackle children within their environment (eg within a school setting). At present, most activities within the area of prevention of childhood overweight are uncontrolled. By contrast, there are only some controlled and randomised studies (for a review see Campbell et al 17 ) . These studies differ again with respect to strategy, setting (school, family, primary care, public health), duration, focus, variables of outcome and statistical power. In this paper, the long-term experiences of the Kiel Obesity Prevention Study (KOPS) will be shown regarding the determinants of childhood overweight and the effect of preventive measures within schools as well as within families.
Methods

Study design of KOPS
In 1996 KOPS was started in Kiel, northwest Germany (248 000 inhabitants). It is an ongoing study, which is planned to run until the year 2009. The aims of KOPS are (i) to characterise the prevalence and incidence of overweight and obesity in children and adolescence; (ii) to describe determinants and risk factors of childhood overweight and (iii) to assess long-term effects of 'low-level' interventions at school for all children and in families who are at risk of obesity. KOPS includes three cross-sectional studies: (i) 5-7-y-old children (KOPS cohort T0: recruited between 1996 and 2001); (ii) 9-11-y-old children (KOPS cohort T1: recruited between 2000 and 2005) and (iii) 13-15-y-old children (KOPS cohort T2: recruiting between 2004 and 2009). A subpopulation of about 700 children will be followed intraindividually at T0, T1 as well as at T2 (longitudinal part of KOPS). The total population was taken from all children who were born in Kiel between 1990 and 1995. Two interventions were performed in a subgroup of the KOPS cohort T0: (i) school-based intervention addressed lifestyle variables (nutrition, activity) by the use of 6 units nutrition education followed by 'active breaks' of 15 min and (ii) family-based intervention offered three consultations to families with overweight children.
Subjects
The total population were children who entered the school entry examination between 1996 and 2001 (first graders, n ¼ 12 254) and all fourth graders in Kiel between 2000 and 2005 (n ¼ 12 127), respectively. Between 1996 and 2005 we investigated 4997 or 41% and 4487 or 37% of all 5-7 (first graders) and 9-11 y old children (fourth graders) in Kiel, respectively. The setting of the examination was the primary schools of Kiel. The enrolment of children took place in cooperation with the four school physicians from the city of Kiel. The school physicians investigated all school children every year from April to July (first graders) and from September to December (fourth graders). Two up to four co-workers of KOPS accompanied the school physicians in a random fashion. Owing to the limited personal resources of the KOPS team, we were not able to attend each investigation. Therefore, within KOPS only a part of children from all 32 primary schools was recruited. Recruitment was performed throughout the different areas of Kiel without a preferential selection of schools. KOPS cohort T0 consists of 4997 5-7-y-old children (2503 boys, 2494 girls). In total, 4487 children (2228 boys, 2259 girls) were examined at the age of 9-11 y (KOPS cohort T1). The examination included measurement of height, weight, skinfold thicknesses and bioelectric impedance analysis (in detail see Mueller et al 18 ). The nutritional status of the children was defined two-fold: according to German BMI reference percentiles 19 and German triceps skinfold (TSF) percentiles.
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A validated questionnaire to socio-demographic and lifestyle factors of the family (nutrition, activity, inactivity, family and social data, infancy (in detail see Danielzik et al 21 ) was offered to all parents of children from the KOPS cohorts T0 and T1. In total, 2631 parents (of 1301 boys and 1330 girls) completed the questionnaire of the KOPS cohort T0 and 2722 parents (of 1366 boys, 1356 girls) of the KOPS cohort T1. Up to now, 1251 children have been measured twice (ie at the age of 5-7 y and at the age of 9-11 y). Therefore, the longterm development of these children can be considered.
The local ethical committee of the Christian-AlbrechtsUniversity approved the study protocol. The aims of KOPS were explained to all parents and children. Parents and children voluntarily participated in KOPS and written consent was obtained from all parents.
Interventions
One part of KOPS assesses the long-term effect of interventions (1) at school for all children and (2) within 'overweight families' for overweight children. The school-based intervention 22 was performed in 18 schools in Kiel (three schools per year)Frandomly chosen from the different areas of Kiel. In total, 780 first graders (of the KOPS cohort T0), that is 6-7 y, have undergone a 6 h curriculum of nutrition and activity.
Up to now, 257 of these children could be reinvestigated at the age of 10-11 y (4-y follow-up; the analysis of data of the last year of examination is still missing). These data have been compared with those of 257 children from nonintervention schools matched for age, gender, BMI, TSF, maternal weight and socio-economic status (SES).
A family-based intervention 23 was offered to 92 families with overweight children, which takes place within the family setting (ie three to five visits at home). A structured sports programme has also been offered to overweight children in this cohort. In total, 56 of these families could be reinvestigated 1 y later. These children were compared to a matched nonintervention group (same matching factors as for the school intervention group, see above) and additionally to a reference group of normal weight children with no intervention.
Statistical analyses
The statistical analysis was performed with SPSS 10.0 for Windows (SPPS Inc., Chicago, IL, USA). For the analysis of the representativeness 95% confidence intervals (95% CI) were calculated to the statistics of the KOPS study groups. If the 95% CI include the values of the total population the variations were randomly. Level of significance was set at Po0.05 (two-sided).
Results
Representativeness of the KOPS cohort T0 and T1
The representativeness of the KOPS cohorts T0 and T1 were checked comparing the data to nutritional status and SES with those of the total population. Data were available of all first graders (n ¼ 12254) and of 4443 fourth graders (all fourth graders of the years 2000-2002; data of the other years were not available). Table 1 shows anthropometric data and the distribution of the nutritional status as well as of the SES of the total population as well as the KOPS cohort T0 and subcohort T0. Compared to the total population, the number of obese boys was greater in KOPS cohort T0, in contrast to KOPS subcohort T0 where the number was lower.
The KOPS study S Danielzik et al
In KOPS subcohort T0 less girls belonged to high social class and more to low social class compared to the total population. Altogether there were very few differences between the total population and the KOPS study groups; therefore, the KOPS cohort T0 as well as the KOPS subcohort T0 are suggested to be representative for the total population of 5-7 y old children in Kiel. In Table 2 , the KOPS cohort T1 as well as the subcohort T1 are compared to the data of the total population of all fourth graders of the years 2000 to 2002. The KOPS cohort T1 only differed in the relation of SES from the total population: fewer children were from low SES families and more from high SES families when compared with the total population. Altogether the KOPS cohort T1 is representative for the total population of 9-11-y-old children in Kiel. In the KOPS subcohort T1 BMI was lower and fewer children were obese when compared with the total population. The subcohort showed a stronger bias in SES as the KOPS cohort T1. Therefore, weight factors have to be used for further data analyses.
Prevalence and determinants of overweight
The prevalence of overweight including obesity was 12.8 and 17.6% (according to 90th percentile of BMI 19 ) and 23 and ) in 5-7 and 9-11-y-old children in the KOPS cohorts T0 and T1, respectively. The increase in the prevalence of overweight from 5-7 to 9-11 y resulted from a high persistence and incidence. The 4-y follow-up data show that 77.4% of children who were overweight at the age of 5-7 y remain overweight at the age of 10-11 y. The spontaneous incidence and remission of overweight are 7.9 and 5.3%/year, respectively.
To analyse risk factors of overweight a multivariate logistic regression analysis was performed with all sociodemographic and lifestyle factors from the family questionnaire (nutrition, activity, inactivity, family and social data, infancy) as independent variables. Parental overweight, a low SES and a high birth weight were identified as main risk factors for childhood overweight. 21 Interventions Table 3 shows characteristics and the net differences of the prevalence, 4-y-incidence and 4-y-remission between children from intervention and nonintervention group. The comparison of the mean of BMI or TSF in the population of children in intervention and nonintervention schools at T1 has demonstrated no difference (Table 3) . A difference between the groups was seen in the upper distribution of BMI and TSF at T1 so that there was a small but beneficial effect regarding the prevalence of overweight: it increased by a factor 2.2 and 2.0 in the nonintervention and intervention group, respectively. 24 The 4-y-incidence of overweight was reduced in the intervention group (36.5 vs 41.7% respectively). Comparing boys and girls, the effect was only seen in girls. By contrast, the remission of overweight was higher in the intervention than nonintervention group with a stronger effect in boys. The family-based intervention also showed some positive effects. Within the 1-y observation period, family intervention was capable of normalising increases in the BMI of overweight children. In addition, similar increases in fat mass were observed in children of the reference as well as in the nonintervention group ( þ 27 vs þ 32%). In contrast, the increase in fat mass was þ 10% in children of the intervention group. 23 However, a low SES serves as a barrier against intervention measures.
Discussion
Determinants of childhood overweight Risk factors of childhood obesity include parental overweight, a low SES, high birth weight, early timing or rate of maturation, low physical activity/high inactivity, dietary intake (including early infant feeding practices) as well as psychological factors. 15, 21, [25] [26] [27] [28] Although most risk factors for obesity seem to be self-evident, their confounding or cumulative effects on the development of obesity as well as their clustering and their effects over time on the causal pathway to the development of obesity remain unclear in children (as in adults). The analysis of cross-sectional data of the 2631 5-7 y old children of the KOPS subcohort T0 showed that parental overweight, a low SES and a high birth weight were the main risk factors for childhood overweight.
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Effects of preventive measures At present, there are numerous interventions to prevent weight gain. However, most of them are uncontrolled activities with no or only short follow-up periods (it is suggested to be Z6 months . Taking into account all data published in this area, it is suggested that school-based-intervention alone improve some aspects of healthy behaviours but are without effect on nutritional status in most studies. In KOPS, we are considering the development of children with intervention over 4 and 8 y. The first 4-y follow-up data also show only a small effect on the prevalence of overweight. However, in a detailed analysis we could show that the school intervention decreases the incidence and increases the remission of overweight (Table 3 ). At present, there is a lack of detailed analyses of data on the effect of intervention on the incidence and remission of overweight and also within specific subgroups. Additionally we detected a sex-and SESspecific success: girls and children from high SES more profit by the intervention than boys and children from low SES. The KOPS study S Danielzik et al Thus, the major determinants of overweight (see above) are confounders of the effect of prevention. One study that also have done detailed data analysis and is therefore comparable to KOPS is Planet Health. 29, 30 This study investigated 1295 ethnically diverse grade 6 and 7 students from public schools over a period of 2 y. Students underwent an interdisciplinary intervention aimed at: (1) decreasing TV time as well as consumption of high fat foods, (2) increasing vegetable intake and moderate-to-vigorous activities. Intervention units were developed with extensive teacher input and focus groups using a variety of methods including debates, case studies and projects. When compared with controls the prevalence of obesity among girls decreased but remained unchanged in boys. There were positive and sexindependent changes in TV-hours and nutrition. The reductions in body weight were related to reductions in time spent watching TV. Although there are some differences between the characteristics of KOPS and Planet Health (2 y follow-up, mean age at T0: 11.7 y, duration of intervention: 2 y) outcome data show similar effects for magnitude and gender specificity. 24 Family intervention of KOPS also show some positive effects in the 1-year follow-up. The advantage of family interventions is that they address obese children together with their parents. This is especially important for younger children because the influence of the parents on nutrition and physical activity decreases with increasing age of the children. Long-term effective management of overweight and obesity in children by family intervention has been reported by some authors. [31] [32] [33] Nearly all family-based intervention studies resulted in long-term changes in health-related behaviours in obese children and adolescents, but had no or only moderate long-term effects on nutritional status.
Consequences and futures perspectives
Faced with the environmental contributors to the obesity problem societal rather than individual responsibilities are evident. This idea suggests that dissecting and tackling the obesogenic environment 34, 35 is necessary to complement school-and family-based interventions.
